Abstract The antifungal activities of the bee venom against Trichophyton mentagrophytes and Trichophyton rubrum were determined by using modified broth dilution assay. The most common dermatophytes, named T. mentagrophytes and T. rubrum, were known to cause a variety of cutaneous infections in humans and animals. The bee venom exhibited prominent antifungal activities against the two dermatophytes tested in this investigation. Moreover, the antifungal activities of the bee venom were much stronger than that of fluconazole, one of the commercial antifungal drugs used in the treatment and prevention of superficial and systemic fungal infections. The result suggests that bee venom could be developed as a natural antifungal drug.
Introduction
Dermatophytosis, mycotic infections caused by dermatophytes, is thought to be one of the most important public health problem yet unresolved (Chinelli et al., 2003) . The most common dermatophytes, such as Trichophyton mentagrophytes and Trichophyton rubrum, were known to cause a variety of cutaneous infections in humans and animals. Especially T. rubrum causes the most common dermatophytic nail infections in humans (Summerbell, 1997) . It is very difficult to treat onychomycosis, nail infection caused by dermatophytes or by nondermatophytic molds, due to its high probability of recurrence and the prolonged antifungal agent treatment time . Skin infections by dermatophytes are often associated with relapses after cessation of the therapy, despite of the great advances in antifungal agent development (Mukherjee et al., 2003) . Fluconazole, itraconazole, ketoconazole, terbinafine, and griseofulvin are commercial antifungal agents against dermatophytes (Goupta and Del Rosso, 2000; Hainer, 2003) . However, some side effects including drug-resistance were observed in commercial antifungal agents . To overcome these problems of side-effects, natural products have been considered to be promising antifungal agents with less profound adverse effects. The antifungal activities of several phytochemicals including polyphenols, phenolics, terpenoids, and alkaloids have been reported (Chee et al., 2009) .
Bee venom from honey bee (Apis mellifera L.) has been utilized for centuries as a pain reliever, anti-coagulant and antiinflammatory agent for chronic diseases, such as Arthritis, Rheumatism, Tendonitis, Bursitis, Fibrosis and Multiple Sclerosis (Kwon et al., 2001; Kim et al., 2003; Peng et al., 2003; Han et al., 2007) . Apitherapy which uses live honeybee stings has elucidated therapeutic value for piglets, calves and dairy cows with several respiratory diseases in Korea (Choi et al., 2003) .
Bee venom has been reported to contain various bioactive substances including polypeptides (melittin, apamin, and mast cell degranulating peptide), amines (histamine, serotonin, dopamine, and norepinephrine), and enzymes (phospholipase, hyaluronidase, histidine decarboxylase) (Argiolas and Pisano, 1983) . Two major components of bee venom, melittin and phospholipase A2, are generally thought to play an important role in the induction of irritation and allergic reaction associated with the bee stings (Kim et al., 2003) . Melittin, a 26 amino acid polypeptide, has been known to have antibacterial effects (Eiseman et al., 1982; Akdis et al., 1996; Kwon et al., 2001) . Recently, melittin-loaded perfluorocarbon nanoparticles possessed the ability to safely deliver significant payloads of melittin intravenously and to target and kill tumor cells (Pan et al., 2011) . However, the information on the antifungal efficacy of the bee venom is not available.
In this investigation, we examined the antifungal activity of the bee venom against skin pathogens, named T. mentagrophytes and T. rubrum. We suggest the potential of bee venom as an antifungal drug against various dermatophytes.
Materials and Methods
Collection and preparation of bee venom. The bee venom was collected by bee venom collector CJ201 (Chung Jin Biotech Co., Ltd., Ansan, Korea) that used electrical impulses to stimulate the bees to sting. The main components of bee venom were identified by liquid chromatography (LC) using Sephadex TM75 (Amersham Pharmacia Biotech, Piscataway, NJ) and source 15RPC ST column (Amersham Pharmacia Biotech). The contents of the main components of bee venom were calculated and compared with commercial melittin, apamin or phospholipase A2 (Sigma, St. Louis, MO). Lyophilized whole bee venom was dissolved in distilled water at different concentrations, and then used in this experiment. Preparation of test organisms. To examine the antifungal activity of bee venom, two strains of fungi (T. mentagrophytes (KCTC 6077) and T. rubrum (KCCM 60443)) were prepared as test organisms. One millimeter plugs of each fungus were inoculated on the Sabouraud dextrose Agar (SDA; Difco, Detroit, MI) plates, and then incubated at 28 o C for 2 weeks. Fluconazole preparation. The fluconazole was obtained from DongSung Pharm (Asan, Korea). Fluconazole was dissolved in distilled water as a stock solution, and then subsequently diluted. The final concentrations of fluconazole used in this work were 15 and 30 ppm. Evaluation of the antifungal activity of bee venom. The antifungal activity of bee venom was assayed using modified broth dilution methods (Kumar et al., 2010) . We modified the antibacterial broth dilution method to apply it to the antifungal activity measurement. All of the fungi grown on the SDA plate were inoculated on the 20 mL of SDA media, and then incubated with shaking for 1 week. Each fungus solution was serially diluted with SDA medium, and then the diluted fungi were incubated with various concentrations of bee venom at 28 o C. After 1 h incubation, fungi solution with bee venom was immediately plated onto SDA agar plate for 5 days to examine the growth inhibition of the fungi. Colony forming units (CFUs) with bee venom were compared to those with fluconazole to compare the antifungal efficacy of bee venom with that of fluconazole.
Results
Composition of bee venom. The bee venom used this investigation consisted of melittin (50%), phospholipase A2 (12.8%) and apamine (2.8%) (data not shown), indicating no statistically significant differences from the contents of the main components compared to standard honeybee venom (Kim et al., 2005; Han et al., 2009) . The structure of the main components of bee venom, named melittin and apamine were depicted in Fig. 1 . Antifungal efficacy of bee venom against dermatophytes. We evaluated the antifungal efficacy of the bee venom against T. menatgrophytes and T. rubrum as shown in Fig. 2A and 2B by using modified broth dilution method. The broth dilution method was reported to be more reliable method for evaluating the susceptibility to antimicrobial agents than disc diffusion (Wiegand et al., 2008) . At 0.63 ppm of bee venom, the growth of T. menatgrophytes was approximately 92% inhibited, while only 26% of T. rubrum was inhibited for 1 h incubation of the same dose of bee venom. Bee venom showed much stronger antifungal effect against T. mentagraphytes than against T. rubrum.
Comparison of antifungal activity of bee venom with that of fluconazole. The antifungal efficacy of bee venom was was compared with that of fluconazole through colony formation on the SDA plates after broth dilution. The count for each colony of T. mentagrophytes and T. rubrum was compared with that of fluconazole, one of the commercial antifungal drugs. As shown in Fig. 3 , the 15 and 30 ppm of the bee venom reduced all the populations of T. mentagrophytes within 5 min. In addition, the same concentrations of the bee venom completely inhibited the growth of T. rubrum within 5 min (Fig. 4) . On the other hand, however, fluconazole didn't inhibit the growth of the same pathogens at all, although slight decrease in the counts was found as the incubation time increased. These results indicate that bee venom has much stronger antifungal activity than fluconazole. Actually, the IC 50 values of fluconazole against T. mentagrophytes at 28 o C for 7 days was reported to be about 32 ppm (da Silva Barros et al., 2007) . Approximately 50% growth inhibitions of T. mentagrophytes and T. rubrum were found at 0.43 and 1.57 ppm of the bee venom, respectively, for 1 h incubation when plotted on Fig. 2 .
Discussion
Bee venom was known to contain several peptides like melittin, apamin, adolapin, mast cell degranulating peptide, enzymes, biologically active amines, and non-peptide components (Lariviere and Melzack, 1996; Kwon et al., 2002) . Enzymes in the bee Fig. 2 Inhibitory effect of bee venom on the growth of (A) T. mentagrophytes and (B) T. rubrum. Each experiment was repeated three times and the results were designated as mean ± SD. Fig. 3 Comparison of the antifungal activity of bee venom with fluconazole against T. mentagrophytes. 15 ppm and 30 ppm of bee venom and fluconazole were used. Each experiment was repeated more than three times.
venom included phospholipase A2, hyaluronidase, acid phosphomonoesterase, α-D-glucosidase, and lysophospholipase (Somerfield et al., 1984; Banks and Shipolini, 1986) . Among them, melittin, a water-soluble cationic amphipathic 26 amino acid α-helical peptide, is a very nonspecific cytolytic peptide that attacks all lipid membranes leading to significant toxicity (Pan et al., 2011) .
The frequent uses of antimicrobial and antifungal agents such as antibiotics enable many pathogens to acquire multiple drug resistance genes (Owens et al., 2001 ). The emergence of antibacterial resistant strains of animal pathogens and their potential health risk to humans have captured great attention (Pitkälä et al., 2004; Nair et al., 2005) . Therefore, the development of a new antibacterial or antifungal agent with less adverse effects has been necessary for the successful treatment of dermatophytes infections (Komine et al., 2006) .
Phytochemicals have been extensively studied to examine their antifungal effects against T. rubrum and T. mentagrophytes. Turmeric oil from Curcuma longa (Zingiberaceae) had minimum inhibitory concentrations (MICs) in a range of 229.8-919.2 ppm (Apisariyakul et al., 1995) . Furthermore, four phenolic amides, dihydro-N-caffeoyltyramine, trans-N-feruloyloctopamine, trans-Ncaffeoyltyramine, and cis-N-caffeoyltyramine isolated from Lycium chinense were reported to have anti-fungal activity in a range of 5-10 ppm (Lee et al., 2004) 
values of 25 µg/mL against T. mentagrophytes and T. rubrum (Arif et al., 2011) . From Solanum species, 6-α-O-β-D-xylopyranosyl-(1→3)-β-D-quinovopyranosyl-(25R)-5α-spirostan-3β,23α-ol was reported to be active in a rage of 12.5 to 200 µg/mL against T. mentagrophytes and T. rubrum. Limonene was also shown to exert a potent antifungal effect against T. rubrum with MIC value of 0.5% (Chee et al., 2009) .
The antibacterial properties of bee venom as a natural antibacterial agent have been extensively studied, and bee venom therapy has been suggested to be used as an alternative to antibiotic therapy (Fennell et al., 1968; Somerfield et al., 1984; Saini et al., 1997) . A strong antibacterial activity of bee venom against both Gramnegative and Gram positive bacteria had been reported (Stocker and Traynor, 1986; Perumal Samy et al., 2007) . Nakatuji et al. (2009) also reported that bee venom could control the growth of S. aureus, which plays an important role in the pathogenesis of inflamed lesions in the case of acne vulgaris. Moreover, bee venom also exhibited antibacterial activities against skin bacteria such as P. acnes, S. epidermidis and S. pyrogenes (Han et al., 2010) , while information on the antifungal activity of bee venom against dermatophytes is not available.
We demonstrated for the first time that bee venom has very strong antifungal efficacy, much stronger than that of fluconazole. Moreover, anti-fungal activity of bee venom was much higher than that of various phytochemicals judging by their effective antifungal concentration ranges. This study raises the possibility that the bee venom could be used as an alternative strategy for treating fungal pathogens that would reduce antibiotic usage. Further experiments might be necessary to evaluate the in vivo efficacy of bee venom and to determine their potential effects on the skin tissue as well as its mechanism of action on fungi.
